The ANP model
The model that we chose to find out the most suitable design for a future city was an ANP Model (Saaty, 2005 (Saaty, , 2009 . This type of model focuses on one main goal, which of the four cities is the most possible model for a future city, and is then linked to the Benefits, Opportunities, Costs, and Risks of the decision process. Priorities were then inserted, and all data that was appropriate was based on our own opinions and experiences. Below the figure an ANP model is shown that was used for this decision making process. In our model we have not compared the alternatives among themselves as we felt that they do not influence each other mutually.
Benefits
Under the benefit subnet, there are social, environmental and economic benefits as the control criteria for judging the benefits of the alternative cities. The figure below shows the benefits control criteria and the priorities of the control criterion. It also shows the priorities of the alternatives under the benefit merit.
Under each control criterion, there is a subnet which uses comparisons among the various decision-making/ influencing entity/parameter and gives a priority order to the alternatives.
Benefit -social subnet and synthesis
The social subnet measures the benefit of the future city in terms of time spent in traveling, housing needs of the increasing population, availability and quality of medical facilities, the quality of public services available and energy demand of the society for that city. The figure below shows the social subnet for the Benefits.
After Synthesis, the priorities of the alternative cities are as shown in the figure below. Compact City and Green House City are almost equal in priority as far as social benefits are concerned.
Benefit -environmental subnet and synthesis
The environmental benefits were measured on parameter such as reduced pollution, pressure on natural resources, energy conservation and the impact on flora and fauna. The figure below shows the environmental subnet. The synthesis of the subnet shows that the Green House City has the highest priority.
Benefit -economic subnet and synthesis
Economic benefit has been measured on reduced expenses in living, maintenance and development of infrastructure, the cost for parking facility development and transportation. The figure shown below shows the economic subnet and synthesis. Elevated City has the highest priority.
Dubai (in the water)
Istanbul (on two continents) La Paz (on the mountain)
Tokyo (hybrid) Compact city Under the opportunities subnet, there are economic, technological and social opportunities as the control criteria for judging the benefits of the alternative cities. The figure below shows the opportunities control criteria and their priorities. It also shows the priorities of the alternatives under the opportunities merit.
Opportunities -economic subnet and synthesis
The economic opportunities have been measured on the parameter criteria such as improving the budget for health and security and the opportunities for job creation for the increasing population. The figure below shows the economic subnet for opportunities and the synthesis for the subnet. Compact City has the highest priority. 
Opportunities -social subnet and synthesis
The social opportunities offered by the future cities have been measured in terms of social harmony, work-life balance, reduced crime rate and opportunities for leisure time. The figure below shows the subnet for social opportunities and the synthesis shows that Elevated City has the highest priority. The technological opportunities offered by the future cities have been measured on parameters such as better technical advances in terms of technology sharing for improving the overall aspects of life. The figure below shows the technological subnet and synthesis of the subnet shows that Water City has the highest priority.
Costs
Under the costs subnet, there are social, financial and environmental costs as the control criteria for judging the costs for the alternative cities. The figure below shows the costs control criteria and the priorities of the control criterion. It also shows the priorities of the alternatives under the costs merit.
Costs -social subnet and synthesis
The social costs for the future cities have been measured in terms of heritage loss, acceptance cost (cost paid by individuals for accepting the best alternative) and also the cost of maintaining law and order. The figure below shows the social subnet and synthesis shows that the Water City has the highest cost.
Costs -financial subnet and synthesis
The financial costs for the future cities have been measured in terms of development and maintenance cost for any such city, waste disposal problem, raw material cost, loss in investment made presently and the complexity of the process. The figure below shows the financial subnet and the synthesis shows that Water City has the maximum cost.
Risks
Under the Risks subnet, there are financial, environmental, technological and social risks as control criteria for judging the risks posed by the alternative cities. The figure below shows the risks control criteria and the priorities of the control criteria. It also shows the priorities of the alternatives under the Risks merit.
Risks -social subnet and synthesis
The social risks for the future cities have been measured in terms of crime rate, seclusion from the near and dear ones and basic support from the society. The figure below shows the social subnet and the synthesis shows that Elevated City has the highest social risk. 
Risks -financial subnet and synthesis
The financial risks for the future cities have been measured in terms of sustainability, adaptability and affordability. Moreover, there may be financial risks in maintaining the public services. The figure below show the subnet for financial risks and the synthesis results shows that Water City has the highest financial risk. 
Risks -environmental subnet and synthesis
The environmental risks have been measured in terms of threat to flora and fauna, huge losses of life and property from natural calamities and the unknown risk to human health. The figure below shows the subnet and the synthesis result shows that the Water City has the highest environmental risk.
Risks -technological subnet and synthesis
The technological risks have been measured in terms of uncertainty about technological feasibility, misuse of technology, risk of reaching a dead-end in technology and increase in energy for the increasing population. The figure below shows the subnet for technological risks and the synthesis result shows that Elevated City has the highest risk.
Multiplicative result
The synthesized priorities of BOCR merits are used in this method. This is good for short-term solution. The below figure shows the result of multiplicative method and shows that Compact City should be the preferred alternative for future city.
Additive result
The additive method uses the BOCR priorities of BOCR merits along with the weightage of benefits, opportunities, costs and risks, which are obtained by rating of the best alternative of each merit with respect to the strategic criteria. The figure below shows the additive results and shows that Compact City should be the preferred alternative for future cities.
Sensitivity analysis
Sensitivity analysis is done to gauge the variance in the overall result due to changes in a particular input parameter. We have done sensitivity analysis with respect to the weightage of the benefits, opportunities, costs and risks as shown in the figures below. Sensitivity analysis shows that Compact City should be the best alternative though there has been variation for second preferred alternative.
A second model
The vision of what future cities will look like is based on emerging technology that is available now. This modern technology will have to be refined and downsized in many cases for production quality. One can look for nanotechnology to have taken over in many fields.
In today's world, we have topographically different kinds of cities; three dimensional sky scraper cities like Manhattan, flat cities like Los Angeles, connected hill cities like Rome, water cities like Dubai, cold weather cities as in Siberia, cities that combine two continents like Istanbul which straddles two continents across the Bosphorus, mountain cities like La Paz, the highest city in the world (nearly 2 miles high), desert cities like Riyadh, underground cities like downtown Toronto's underground walkway PATH linking 28 km of, services and entertainment, and Moon and Mars cities like fully enclosed compact city. Fig. 1 , shows pictures of some of the metropolitan cities in this world and also perhaps the next.
4.1. Criteria for the process of designing and selecting a desired city -an AHP application with choices having a long range view in mind
Here we select some of the cities known in the world, with each having some characteristics that make it noticeably different. There are numerous cities with millions of people, surrounded by metropolitan areas with complex structures and highly modern services and technologies. We have chosen seven of them. Here is our city list with the specific reasons that they are chosen as alternatives: Dubai as a city on the water, Istanbul as the only city which connects two continents, La Paz for being one of the highest location cities, New York for its three dimensions, Riyadh as a city in the desert, Tokyo as one of the largest and most widely spread cities and finally Compact City. We structured our model to choose the best city in four parts: Benefits, Opportunities, Costs and Risks (BOCR). Benefits and Costs apply to the present while Opportunities and Risks apply to the future. The criteria we identified include those used in the published literature related to city ranking (Cities Ranked and Rated by Sperling and Sander, 2007) . While those authors used only criteria that are tangible, we have included in addition intangible ones that we measure in working out the exercise. Fig. 2 shows the main structure of the model with B, O, C R and the outcome of the strategic analysis in Fig. 3 . Fig. 4 below represents the structure of the Benefits model. At the second level of the hierarchy are the criteria that we chose to judge the cities and at the third level are the candidate cities, the alternatives of the decision making process. To save space we abbreviate the criteria and listed them in full in Table 1 . Similarly Figs. 5-7 show the Opportunities, Costs and Risks structures respectively and Tables 2, 3 and 4 list the corresponding criteria. Fig. 8 shows the Benefits, Opportunities, Costs and Risks model views from the Super Decisions Software. We have to determine the priorities of the criteria and then judge the seven cities by comparing them on each criterion separately and finally weigh or multiply the priorities of the alternatives by the importance or priorities of the criteria and add to determine the best city. We call these judgments a system of comparisons or better, pairwise comparisons. Fig. 9 gives a paired comparison screen in the Benefits model with respect to the Economic criterion, as an example.
According to Fig. 9 , Living Expenses are three times more important than Energy Consumption and on the other hand, Per-capita Income is two times more important than Energy Consumption. This gives us the priority vector approximately as (0.59, 0.25, 0.16) for the subcriteria (Living Expenses, Energy Consumption, Per-capita Income), shown on the right of Fig. 9 . We have the inconsistency index as 0.015 for this comparison matrix, which needs to be less than 0.10 for a consistent outcome.
The pairwise comparison judgments are entered by comparing a criterion listed on the left of the table with another listed at the top. A criterion compared with itself is always assigned the value one. The numbers 3, 5, 7, and 9 correspond to the verbal judgments of the comparisons of elements on the left over those at the top: "moderately more dominant", "strongly more dominant", "very strongly more dominant", and "extremely more dominant" (with 2, 4, 6, and 8 for compromise between the previous values). Reciprocal values (1/3, 1/5, 1/7, 1/9) are automatically entered when the element on the left does not dominate but is dominated by the element at the top of the table.
The priorities are obtained by raising the matrix to a large power to capture all the interactions, adding the entries in each row and dividing by the total sum of the rows. We are permitted to use decimal values between the integers, such as 2.6, if desired. It is mathematically demonstrated that it is necessary to use this scale to get meaningful results in practice. It represents the normal range of human sensitivity to phenomena that are homogeneous. When things are widely scattered, they can be grouped into separate clusters with a common element in adjacent clusters and the scale 1-9 is applied to compare the elements in each cluster, with the common element serving as a link. When there are actual measurements for pairs being compared, such as money, we can use the ratio of their measurements.
In Table 5 we show the priorities of the criteria that have been calculated by using each model. Table 6 gives the overall outcome of the alternatives.
As we see from Table 6 , with the results given using both additive negative and multiplicative formulas, Compact City is the best choice in both cases. Additive formula is frequently interpreted to mean the best long term alternative while the multiplicative one is to mean the best short term alternative. In our example the ranks of the cities are the same for both methods of synthesizing although this is not necessarily true in general. La Paz is second, Dubai is the third and Tokyo comes as fourth. Though the second place finish of La Paz is perhaps surprising, we see from the above table that is least risky and also the least costly (also from Fig. 10(b) ). To further explore our outcome, we can show the sensitivity analysis with respect to Risk. As we can see from Fig. 10(a) , if Risks become more important in our model (after 0.35), La Paz becomes the best alternative.
